Vancomycin-resistant Enterococcus faecium strains are a significant cause of nosocomial infections in predisposed patients. Multiple-locus variable-number tandem repeat analysis (MLVA) has been validated recently by use of a global strain collection. In this report, we applied MLVA together with multilocus sequence typing (MLST) and pulsed-field gel electrophoresis (PFGE) to type 14 isolates from three clusters of patients colonized or infected with vancomycin-resistant Enterococcus faecium and another 10 epidemiologically unrelated isolates from the same hospital. The clusters could be distinguished by all three typing methods, which proved to be concordant. PFGE patterns provided the highest resolution. We observed seven sequence types (ST), six MLVA types (MT), and nine distinct ST/MT combinations. The combination of MLST and MLVA may be an alternative to PFGE in hospital epidemiology, providing the benefits of high accuracy, reproducibility, and portability.
Within the last 10 years, the proportion of vancomycinresistant Enterococcus faecium (VRE) strains collected at hospitals increased in the United States to 20 to 40% (22) and in some European countries to more than 10% (2002 Annual Report of the European Antimicrobial Resistance Surveillance System [www.earss.rivm.nl]). In comparison to incidences in other countries, VRE incidences in German hospitals have been low in the past (2 to 4% and in some clinics below 1% [15] ). However, higher incidences, up to 25%, have been reported recently from several hospitals in southwestern Germany (14) , and nosocomial outbreaks of VRE have also been reported (2, 14, 29) . Widely disseminated VRE clones have been reported previously as the source of the high degree of vancomycin resistance resulting in increasing nosocomial infections in hospitals (21) . It has been suggested that the virulence gene esp is a characteristic feature of isolates involved in nosocomial outbreaks (20, 30) . As VRE infections appear to be more deadly and more costly than infections caused by vancomycin-susceptible strains (23) , epidemiological data concerning occurrence and spread of these microorganisms have to be compiled, and VRE isolates have to be epidemiologically investigated.
Several molecular typing schemes have been developed to study the epidemiology of VRE. Of these, pulsed-field gel electrophoresis (PFGE) of genomic restriction fragments has been considered the gold standard because of its high degree of isolate differentiation (18) . However, PFGE is hampered by a variety of disadvantages: (i) the method is time-consuming, (ii) comparability between laboratories is unsatisfying, and thus international databases can be compiled only by applying rigorous quality assurance and quality control, as in the case of PulseNet (25) , and (iii) banding patterns are only partially informative with regard to phylogenetic relationships. Multilocus sequence typing (MLST) and multiple-locus variable-number tandem repeat analysis (MLVA) have been developed recently to recognize genetically related and potential epidemic isolates of E. faecium (11, 27) . MLST was recommended for strain characterization and long-term epidemiological investigations. It was shown that few clones emerged recently carrying the vancomycin resistance determinant. MLST confirmed the unrelatedness of human and nonhuman VRE, as had been established by PFGE beforehand, and confirmed subgroup C1 as responsible for human cases (1) . Several authors used MLST for outbreak investigations thereafter (17, 24, 29) . The clonal complex of sequence type 17 (ST-17) was repeatedly shown to be related to the VRE problem worldwide.
Despite the high accuracy and portability of MLST (28), attempts have been made in molecular epidemiology to reduce the cost and labor required for MLST for several PCRs and DNA sequencing reactions. MLVA has become popular in this respect for a variety of organisms, e.g., those related to bioterrorism (7, 13, 16) . The MLVA scheme for E. faecium developed by Top et al. (27) is especially easy to handle, because the repeats selected are of a size which can be distinguished by visual inspection using standard agarose gel electrophoresis. Furthermore, a user-friendly Internet-based database can be interrogated to assign MLVA types. MLVA has been shown to be concordant with MLST (27) . A different MLVA scheme has been described for E. faecalis (26) .
In the present study, we investigated VRE from three clusters at the University Hospital of Würzburg by MLST and MLVA and compared these data to PFGE data.
MATERIALS AND METHODS
Bacterial isolates. E. faecium was identified by VITEK 2 (bioMérieux, Nürtingen, Germany). Vancomycin and teicoplanin susceptibilities were assessed by the broth microdilution method according to the recommendations of the Clinical and Laboratory Standards Institute (CLSI) (4) . Isolates with a vancomycin MIC of Ն2 g/ml were analyzed by PCR for the presence of the vanA and vanB genes, respectively, as described earlier (5 Table 1) . Outbreaks of VRE were identified by laboratory surveillance and by regular visits of hospital wards by the infection control nurse and the clinical microbiologist in charge. Clinical epidemiological assessment was made by informal oral inquiries of the hospital staff. For determination of the discriminatory power of MLVA, another 10 VRE strains, which were obtained between 2000 and 2004 from patients of the University Hospital, were sampled at random from the strain collection of the Institute for Hygiene and Microbiology. The institute provides bacteriological service to the University Hospital of Würzburg. This hospital is the largest referral center in the southern German region of Lower Franconia, with a population size of about 1,300,000. Only independent isolates were considered for this purpose. Independence of isolates required that the isolates were obtained from distinct patients who were taken care of at different wards of the hospital. Isolates from the same ward or the same patient were accepted only if they exhibited a different MLVA type.
MLST and MLVA. MLST was performed as described by Homan et al. (11) . Sequence types were assigned using http://efaecium.mlst.net/. MLVA was performed as described recently (27) . MLVA types were assigned using http://www .mlva.umcutrecht.nl. eBURST v2, available at http://eburst.mlst.net/, was used to analyze MLST and MLVA data (8). Simpson's index of discrimination was determined according to methods of Hunter and Aston (12) and Grundmann et al. (9) .
PFGE, amplification of the esp and hyl genes, and antimicrobial susceptibility testing. Pulsed-field gel electrophoresis (SmaI), PCR amplification of the esp and hyl genes, and antimicrobial susceptibility testing by broth microdilution were performed at the Wernigerode branch of the Robert Koch Institute as described recently by Klare et al. (14) . Similarities of PFGE patterns were estimated by a band-based similarity coefficient (Dice) according to the method of Claus et al. (3) .
RESULTS AND DISCUSSION
Clusters of VRE in hospitalized patients. Our investigations revealed two clusters with vanA-positive E. faecium strains in the Department of Pediatrics. Furthermore, an additional cluster with vanA-positive E. faecium strains, which occurred in the internal oncology and orthopedics units, is described below.
The first cluster was observed at the pediatric oncology unit of the University Hospital, where VRE isolates were found in two patients with bacteremia and five asymptomatic, colonized patients between January 2001 and April 2002. The colonized patients were identified by intensified screening following the incidences of invasive VRE disease. The introduced infection control measures included weekly surveillance for VRE colonization, education of the staff, and change of antibiotic therapy regimens from imipenem as first-line treatment to piperacillin-tazobactam. Under this regimen, no further VRE isolates were identified since May 2002.
The second cluster occurred at the pediatric neonatology unit of the University Hospital. The index patient was a 6-month-old girl with a colon abnormality who underwent numerous surgical interventions and treatments with broad-spectrum antimicrobial agents. VRE was isolated from a routinely performed intraoperative swab from her colon in -12) . This finding retrospectively elucidated the coincidence of VRE acquisition and a stay at the internal oncology unit, at which the same VRE clone circulated (cluster c).
Typing of VRE. Table 1 and Fig. 1 summarize the epidemiological data, microbiological findings, and typing results of VRE isolates obtained from patients involved in clusters a to c and 10 independent isolates. All isolates were positive for vanA and negative for vanB as evidenced by PCR. Despite this finding, 15 isolates were sensitive or intermediate with regard to susceptibility to teicoplanin, which is a pattern usually found with vanB-positive strains. This discrepancy might be the result of mutations in the vanS regulatory gene of vanA-positive isolates (6, 10, 19) . The seven strains from the pediatric oncology unit were ST-17 or ST-233 and displayed MT-1, whereas the strains isolated from patients of the pediatric neonatology unit were ST-18 and MT-8. These results indicated that the strains retrieved from the two pediatric units were different clones. It is unclear whether two different clones occurred at the pediatric oncology unit or whether ST-17 and ST-233 were direct descendants from each other because they differed only in a single nucleotide polymorphism in the pstS gene. The strains from the internal oncology unit were ST-78 and MT-12. All identified STs belonged to clonal complex 17. ST-233 and ST-78 are single locus variants of ST-17, whereas ST-18 is a double locus variant of ST-17. One isolate from cluster b (patient 23) was positive for the esp gene and differed slightly in PFGE pattern from those of the two other isolates. The epidemiological link thus could not be fully confirmed. Interestingly, this isolate was retrieved 5 and 6 months after isolation of the two other isolates from this cluster, respectively. In contrast to results for cluster b, esp and PFGE data were consistent for the other two clusters.
MLVA, MLST, and PFGE were performed on the strains mentioned above and 10 independent isolates. PFGE patterns were largely consistent with MLVA and MLST results but, as expected, displayed a higher discrimination between strains. Whereas all strains from cluster c were identical, strains from clusters a and b in the pediatric clinic showed some band variation, as reflected by the dendrogram in Fig.  1 . Interestingly, esp-positive strains with ST-78 and MT-12 (patients 13, 14, and 15) were found outside cluster c. In this case, PFGE provided additional informative resolution to distinguish these strains from the epidemiologically linked cases. The same holds true for two strains with ST-17/MT-1 and ST-18/MT-8 which occurred in patients unrelated to clusters a and b, respectively, and which exhibited distinct PFGE patterns. These data indicate that identical ST/MT patterns rarely can be observed for unrelated isolates but that additional PFGE and esp analysis might allow distinction of the strains. In all strains, we found seven distinct STs, six distinct MTs, and nine distinct combinations of ST and MT, suggesting that combination of MLVA and MLST provides additional resolution. Simpson's index of diversity achieved by a combination of MLST and MLVA was determined by analysis of 14 independent isolates. The selection comprised the 10 epidemiologically unrelated isolates mentioned above, two isolates from cluster a (ST-17/MT-1 and ST-233/MT-1), and one isolate of clusters b and c. The index was fairly high, 0.912 (95% confidence interval, 0.817 to 1.000). This finding supports the hypothesis that combining MLVA and MLST may increase discrimination in comparison to each method alone. However, further analyses are needed to substantiate this finding. We would further like to highlight the impact of the esp PCR, which provided important information to discriminate two isolates.
To the best of our knowledge, this paper is the first MLVA application in local hospital epidemiology of VRE, which furthermore comprises MLST, PFGE, and determination of the presence of the esp gene. MTs were largely congruent with STs. MLVA proved to be a robust, simple, cheap, and rapid technique, but the discriminatory power of MLVA in strains recovered from patients at the University Hospital (Simpson's index of diversity, 0.846; 95% confidence interval, 0.755 to 0.937) was lower than what has been shown previously for an international strain collection (27) . A possible explanation for this low index compared with that of the international collection might be sampling difference and geographic uniformity of our strains. All but one isolate (MT-89) could be assigned to a single MLVA clonal complex. This one exceptional isolate differed considerably from all others and shared only one MLVA allele with the founder type MT-1 (Fig. 1A) . MLST confirmed the limited diversity of VRE strains. Our results show that VRE typing has to be interpreted carefully on the basis of diversity indices, but the important inference that can be made in many cases is the rejection of the hypothesis of identity of strains. We suggest that the combination of MLVA and MLST (and esp PCR) further improves resolution, meanwhile guaranteeing more-timely information than PFGE, if appropriate facilities are available.
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